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Abstract. Simple ontology alignments, largely studied, link one entity
of a source ontology to one entity of a target ontology. One of the limita-
tions of these alignments is, however, their lack of expressiveness which
can be overcome by complex alignments. Although different complex
matching approaches have emerged in the literature, there is a lack of
complex reference alignments on which these approaches can be system-
atically evaluated. This paper proposes two sets of complex alignments
between 10 pairs of ontologies from the well-known OAEI conference
simple alignment dataset.
The methodology for creating the alignment sets is described and takes
into account the use of the alignments for two tasks: ontology merging
and query rewriting. The ontology merging alignment set contains 313
correspondences and the query rewriting one 431. We report an evalu-
ation of state-of-the art complex matchers on the proposed alignment
sets.
1 Introduction
Ontology matching is an essential task for the management of the semantic het-
erogeneity in open environments. The matching process aims at generating a set
of correspondences (i.e., an alignment) between the entities of different ontolo-
gies. Two ‘paradigms’ organise the field. While approaches generating simple
correspondences are limited in expressiveness by linking single entities, com-
plex matching approaches are able to generate correspondences which better
express the relationships between entities of different ontologies. Earlier works
have introduced the need for complex alignments [15,34]. Different approaches
for generating such complex alignments have been proposed in the literature.
While the proposal of [23,24] relies on correspondence patterns, the one in [13]
uses knowledge-rules in Markov-Logic Networks. Those in [20,21,35] rely on sta-
tistical methods and correspondence patterns and the one in [18] deals with
genetic programming. Finally, the approach in [22] uses path-finding algorithms
combined with statistical techniques. Despite the progress in the field, there is a
lack of reference alignment sets on which the complex approaches can be system-
atically evaluated. Most efforts on evaluation are still dedicated to the matching
approaches dealing with simple alignments. Systematic evaluation of them has
been carried out over the last fifteen years in the context of the Ontology Align-
ment Evaluation Campaigns (OAEI)1. Even though this well-known campaign
proposes a task-oriented benchmark (the OA4QA track [28]), it does not propose
a complex alignment benchmark.
This paper proposes two alignment sets to extend the OAEI conference track
dataset [3,36] with complex alignments for two task purposes: ontology merging
and query rewriting. The methodology for creating the alignment sets is de-
scribed and takes into account the use of the alignments for the two targeted
tasks. Here we extend the work presented in [33] and in [31] by enriching the
alignment sets with new pairs of ontologies and by considering the task for which
the alignment is needed. We also extend the work in [31] and by adding an eval-
uation of three systems [23,24,13]. We extend the evaluation of the work in [33]
by adding a new system described in [13] and by evaluating all the three systems
on the ten pairs of ontologies for each alignment set.
The paper is organised as follows. After giving the background on ontology
matching (§2) and discussing related work (§3), we describe the methodology
to create the alignments (§4), the alignments themselves and their use for the
evaluation of approaches (§5). We conclude with a discussion on the proposal.
2 Background
In this paper, the complex correspondences are described using the DL syn-
tax and the ontologies are graphically represented using the diagrammatic logic
formalism defined in [29].
2.1 Complex alignments
Ontology matching [8] is the process of generating an alignment A between two
ontologies : a source ontology o1 and a target ontology o2. A is directional,
denoted Ao1→o2 . Ao1→o2 is a set of correspondences. Each correspondence is
a triple 〈eo1 , eo2 , r〉. eo1 and eo2 are the members of the correspondence: they
can be single ontology entities (classes, object properties, data properties, in-
stances, values) of respectively o1 and o2 or constructions of these entities using
constructors or transformation functions. r is a relation, e.g., equivalence (≡),
subsumption (⊑, ⊒), or disjointedness (⊥) between eo1 and eo2 .
The ontologies used in the following examples are illustrated in Figure 1. We
consider two types of correspondences depending on the type of their members:
– if the correspondence is simple, both eo1 and eo2 are atomic entities: one sin-
gle entity is matched with another single entity, e.g., o1:Person ≡ o2:Human
is a simple correspondence.
– if the correspondence is complex, at least one of eo1 or eo2 involves a con-
structor or a transformation function. For example,
1http://oaei.ontologymatching.org/
Fig. 1. Fragment of two heterogeneous ontologies.
1. o1:authorOf ≡ o2:writtenBy− is a complex correspondence with the in-
verseOf constructor.
2. o1:AcceptedPaper ≡ ∃ o2:acceptedBy.⊤ is a complex correspondence with
the existential constructor.
3. o2:name is the concatenation of the o1:firstname and o1:lastname is a
complex correspondence with a transformation function2.
A complex alignment contains at least one complex correspondence. We will
refer to approaches that generate simple alignments as simple matchers and to
approaches that generate complex alignments as complex matchers.
2.2 Tasks involving complex ontology alignments
Ontology alignments are the basis for various tasks, from data translation, query
rewriting, ontology merging to ontology versioning. These tasks all serve the
purpose of interoperability. Here, we assume that the different tasks may have
different correspondence expressiveness needs. We chose to focus this study on
two tasks:
– Ontology merging is the process of creating a new ontology from two
aligned ontologies (e.g., o1 and o2). The correspondences of the alignment are
transformed into axioms of the resulting ontology. For decidability reasons,
the expressiveness of the correspondences for ontology merging has to be
SROIQ [11]. For ontology merging, the Alignment API [5] can deal with
complex alignments by translating an alignment into OWL axioms.
2Transformation functions can not be formalised into DL.
– Query rewriting is the process of transforming a query expressed with the
terms of o1 with the terms of o2 using an alignment between o1 and o2. The
correspondences of the alignment are used as rules to rewrite the original
query (written for o1). For query rewriting, there is no expressiveness con-
straint. Various systems such as [16,4,32] deal with complex correspondences
for SPARQL query rewriting.
For example, the correspondence stating that o2:name is equivalent to the
concatenation of o1:firstname and o1:lastname (fig. 1) is not applicable for on-
tology merging but is adequate for query rewriting.
3 Related Work
This paper focuses on two aspects of the ontology matching field, the approaches
for generating complex correspondences and the evaluation of these approaches
(on complex correspondences and task-oriented). We discuss state-of-the-art ap-
proaches on these two aspects leaving besides matching of other kind of schemata.
3.1 Complex ontology matchers
The complex matchers can be classified according to use of ontology-level or
instance-level knowledge. A second axis of classification is whether the matchers
rely on correspondence patterns, defined by Scharffe [25] as “templates of ontol-
ogy correspondences that occur quite often”. We classify the complex matchers
on these two axis. In the first group, the approaches rely on correspondence pat-
terns and on ontology-level knowledge only. The approaches in [23,24] propose
a set of matching conditions to detect correspondences that fit a set of patterns,
The conditions are based on the labels of the ontologies entities, the structures of
these ontologies and the compatibility of the data-types of data-properties. Both
approaches take a simple reference alignment as input. The approach in [24] uses
linguistic evidence whereas the one in [23] mostly relies on string similarity.
In the second group, the approaches do not rely on correspondence pat-
terns and do not require instance-level knowledge: KAOM (Knowledge-Aware
Ontology Matching) [13] is a system which uses Markov Logic Networks as a
probabilistic framework for ontology matching. The Markov Logic formulae use
the entities of the two ontologies (source and target) as constants, the relations
between entities and the input knowledge rules as evidence. The knowledge rules
can be axioms of an ontology or they can be specified by the user.
Approaches which rely on correspondence patterns and require instance-level
knowledge are: the ones in [20,21,35] which use statistical information based
on the linked instances to find class by attribute-value correspondences [35],
conjunctions of attribute-value pairs [20] or attribute-value = attribute-set-of-
values correspondences [21].
Approaches not relying on correspondence patterns and require instance-
level knowledge are: the one in[18] which uses genetic programming on instances
to find correspondences with transformation functions between two knowledge
bases. The one in [22] uses a path-finding algorithm to find correspondences be-
tween two knowledge bases with common instances. The correspondences found
by this approach are of the form property path = property path.
The different approaches discussed above are generic in the sense that they
generate alignments regardless to a specific task.
3.2 Evaluation of matchers
Alignments generated by matchers can be evaluated in different ways [6]. One
way consists in comparing alignments to reference ones (gold standard). How-
ever, constructing such references is a time-consuming task. In the lack of such
resources, alternatives include manual labelling on sample alignments, alignment
coherence measurements [17] and checking the conservativity principle violation
of alignments [27]. Furthermore, the quality of a matcher can be assessed regard-
ing its suitability for a specific task or application [12,10,28]. Finally, alternative
approaches for validating alignments consider the generation of natural language
questions to support end-users in the validation task [1] or validation of corre-
spondences using graph-based algorithms in a semi-automatic way [26].
While matching evaluation has been focused on simple alignments, complex
evaluation has been addressed to a lesser extent. Although a large spectrum of
matching cases are proposed in the OAEI, e.g., involving synthetically generated
or real case datasets with large or domain-specific ontologies, these datasets are
limited to alignments with simple correspondences.
A notable alignment set has been proposed between biology ontologies in [19].
In opposite to “classical” alignments, the correspondences of these alignments,
called “compound alignments” involve entities from more than two ontologies.
For example, o1:A ≡ o2:B ⊓ o3:C is a compound correspondence. We consider
these correspondences as complex since one of its member contains a constructor
but it is out of the scope of our study.
In the context of complex ontology matching where reference alignments
are scarce, the evaluation of most approaches is done by manually calculating
the precision of the correspondences generated by the systems. The approaches
in [23,24,21,35] manually classified the output correspondences (or a subset of
them) into true positives and false positives to calculate the precision. The ap-
proaches in [23,24] were tested on the ontologies of the OAEI conference and
benchmark tracks (the simple reference alignment being used as input). The ap-
proaches in [21,35] were tested on Linked Open Data (LOD) repositories with
large amounts of linked instances such as Yago, DBpedia, Geonames, etc.
With respect to the few complex alignment sets, most of them have been cre-
ated to evaluate specific complex matching approaches. In order to evaluate the
recall of his approach [35] proposed an algorithm to create an evaluation data
set. This data set is composed of a synthetic ontology containing 50 classes with
known Class-by-attribute-value (a correspondence pattern) correspondences with
DBpedia and 50 classes with no known correspondences with DBpedia. Both on-
tologies are populated with the same instances. The approach of [21] estimated
their recall based on the recurring pattern between DBpedia and Geonames:
∃dbpedia:country.{theCountryInstance} ≡ ∃geonames:countryCode.{theCountryCode}
where theCountryInstance is a country instance of DBpedia such as dbpe-
dia:Spain and theCountryCode is a country code such as "ES". They estimated
the number of occurrences of this pattern between these ontologies and calcu-
lated the recall based on this estimation. The approach of [22] manually created
a set of reference correspondences between two ontologies on which their ap-
proach was evaluated. On the nine reference correspondences, only two can not
be expressed with simple correspondences. The closer approach to ours is from
[13] who extended the conference dataset with complex alignments to evalu-
ate their knowledge-rule based approach. However, the methodology used for
the construction of the dataset is not specified and the dataset is not available
online.
In order to evaluate and compare alignment approaches, we need evaluation
alignment sets. As discussed above, complex matchers have been evaluated on
custom evaluation alignment sets. When the evaluation used a reference align-
ment, manually or automatically created, it usually contained correspondences
which match only one pattern (Class by attribute-value for [35], attribute-value
= attribute-value for [21]).
Approaches using complex correspondences for a given purpose (query rewrit-
ing for example), also propose alignment sets created for their needs, even though
they have not been used for matcher evaluation. For instance, the authors of [16]
present a set of complex correspondences used for query rewriting3. However,
they are not in a reusable format and only concern a pair of ontologies. In [30],
complex correspondences between agronomic ontologies were manually created
for query rewriting on the LOD.
Regarding task-oriented evaluation, the authors of [12] propose ontology
alignment evaluation methods for different task purposes: thesaurus merging,
and data translation. The OA4QA track4 of the OAEI [28] evaluate the suit-
ability of an alignment for the task of query answering. This evaluation dataset
consists in the conference track ontologies populated with DBLP, 18 queries over
these ontologies and simple reference alignments. The evaluation approach for
query rewriting proposed by [10] is very similar. The evaluation data set they
propose is also composed of queries, populated instances and simple reference
alignments.
Summing up, there is no complex alignment set for systematic evaluation.
Moreover, complex alignments are not considered in task-oriented alignment
evaluation.
4 Methodology
In this section, we introduce the methodology that we have followed to create the
complex alignment sets. As we focus on the purpose of an alignment to create it,
3http://www.music.tuc.gr/projects/sw/sparql-rw/
4http://www.cs.ox.ac.uk/isg/projects/Optique/oaei/oa4qa/index.html
we describe a general methodology followed by the variants for the generation of
complex alignments dedicated to the ontology merging and query rewriting tasks.
As this methodology has been manually applied, it is not suitable for large scale
ontologies. Its purpose is to translate each entity of the source ontology o1 using
entities of the target ontology o2 when possible for a given task.
The methodology focuses on finding as many complex correspondences as
possible with an equivalence relation according to the task purpose of the align-
ment.
The methodology is articulated in the following steps:
1. Find simple equivalence correspondences between o1 and o2. If such an align-
ment is not available, state-of-the-art approaches [2] may provide a good base
which can be manually enriched.
2. Create the complex correspondences based on the simple correspondences so
that the complex correspondences fit the purpose of the alignment.
3. Express the correspondences in a reusable format (e.g., EDOAL).
Methodology to create an alignment for ontology merging The first requirement
for ontology merging is that the resulting ontology must be coherent; in other
words, the reasoning on the resulting ontology must be decidable. Therefore, the
alignment should follow the SROIQ expressiveness and should not bring any
incoherence. In order to create the ontology merging alignment, we have followed
this methodology. It relies on a reasoner to verify the coherence of the merged
ontology.
1. Create a new ontology importing o1 and o2.
2. Express the simple correspondences obtained at the first step of the global
methodology in OWL. Check coherence of the merged ontology (e.g., run a
reasoner).
3. For each entity of o1 not in a simple equivalence correspondence, find an
equivalent construction with entities from o2. This step is done by descending
the ontology hierarchy (start by the most general to the most specific).
– if a construction is found, add the new axiom to the merged ontology
and verify the coherence of the merged ontology (e.g., run a reasoner).
– if no equivalent construction if found, look for the closest super entity
or construction from o2 entities. If this axiom is not already entailed by
the reasoner, add it to the merged ontology.
4. Repeat previous step but for each entity of o2.
We chose this top-down approach because if an axiom is defined on an entity e1,
the reasoner will be able to make inferences on the entities subsumed by e1 [14].
Methodology to create an alignment for query rewriting For query rewriting, the
expressiveness of the correspondences is not limited. Transformation functions
can be used as well as "complex roles" (which are limited in SROIQ). Therefore,
the coherence of an alignment can not be verified because a reasoning task is
not decidable given its expressiveness.
1. For each entity e1 of o1 not in a simple equivalence correspondence, find a
semantically equivalent construction from o2 entities.
– if no equivalence can be found, look for the closest entity or construction
from o2 subsumed by e1.
2. Repeat previous step for each entity of o2 (constructions from o1 entities).
We chose this subsumption entity substitute as for each entity, we wish to get
the closest interpretation possible without errors: therefore the biggest subset of
the interpretation of e1.
5 Complex alignment set
The alignment sets are available at https://doi.org/10.6084/m9.figshare.
4986368.v7 under CC-BY license. They are expressed in first-order logic (FOL),
EDOAL [5], and OWL for the ontology merging alignment set. EDOAL can
express transformations as well as logical relations between entities. We have
considered this language instead of others (SWRL, etc.) as it is integrated in
the Alignment API and extends the Alignment Format (standard de facto in
OAEI campaigns). Before describing the proposed alignment sets, we introduce
the Conference dataset from which our dataset have been built.
5.1 The conference dataset
The conference dataset5 was proposed in [37]. It has been widely used [36], es-
pecially in the OAEI where it is a reference evaluation track. This dataset is
composed of 16 ontologies on the conference organisation domain and simple
reference alignments between 7 of these ontologies. These ontologies were devel-
oped individually. The motivation for the extension of this dataset is that the
ontologies are real ontologies (as opposed to synthetic ones), they are expressive
and largely used for evaluation in the field. Moreover, the reference alignments
of simple correspondences between these ontologies are available.
We chose five ontologies among the ones in the reference simple alignment for
their different number of classes (c.f. Table 1): cmt, conference (Sofsem), confOf
(confTool), edas and ekaw.
The reference simple alignment set was modified during the first step of the
methodology. The modifications made to the reference simple alignment set are
specified in the FOL alignments on the repository.
5.2 Conference complex alignment sets
We detail in the following the two created alignment sets. The methodology was
manually applied by one expert to all ten pairs of ontologies involving the five
5http://oaei.ontologymatching.org/2016/conference/index.html
http://owl.vse.cz:8080/ontofarm/
cmt conference confOf edas ekaw
Classes 30 60 39 104 74
Object properties 49 46 13 30 33
Data properties 10 18 23 20 0
Table 1. Number of entities by type of each ontology
ontologies. The number of entities of these ontologies is detailed in Table 1. The
merged ontologies were checked for coherence with the HermiT reasoner [9].
The ontology merging set is composed of 313 correspondences with 54
complex correspondences from 9 different patterns (some patterns are compos-
ite). The query rewriting set is composed of 431 correspondences with 191
complex correspondences from 17 different patterns (some patterns are compos-
ite). The patterns are used a posteriori for analysing the alignments, not as a
basis for the correspondence creation. An extensive list of the patterns can be
found in [25]. The meaning of the abbreviations used in the following tables is :
CAT : A ≡ ∃b.C, CAE : A ≡ ∃b.⊤, CIAE : A ≡ ∃b−.⊤, CAV : A ≡ ∃b.{v}, neg :
not exists, dom: domain restriction, range: range restriction, dom/range: do-
main and range restriction, transfo: transformation function on data properties,
c: class, rel : object property, prop: data property, chain: a chain of properties
(object properties and/or data properties), IP : inverse of an object property,
composite or compo: different patterns in same correspondence. The domain re-
striction and range restriction patterns are correspondence patterns from [25]
and not OWL axiom primitives.
Figure 2 details the number of correspondences per pattern per alignment set.
Table 2 presents examples of correspondences from the alignment sets and their
type. The ontology merging alignment set has no correspondences implement-
ing domain or range restrictions, transformation functions, inverse properties,
union of object or data properties, or negation. Indeed, these correspondences
are either not in SROIQ (domain restriction, range restriction, union of prop-
erties) or were already entailed by previous correspondences (inverse property,
negation). The number of subsumptions also differs in both alignment sets be-
cause of the adopted methodology (top-down subsumption in ontology merging
and bottom-up subsumption in query rewriting). Nevertheless, the subsumption
correspondences are frequent in both sets. As above, we argue that complex cor-
respondences come as a complement to simple correspondences. Their need may
be different depending on the task purpose of the alignment. For query rewrit-
ing for instance, complex correspondences represent 44% of all correspondences
whereas they only represent 17% of all correspondences for ontology merging.
6 Evaluation of complex matchers
As populating the ontologies to match with common instances would add new
considerations for the evaluation dataset (e.g., choice and quantity of the in-
Simple Complex TOTAL Nb patterns
Ontology merging 259 54 313 9
Query rewriting 240 191 431 17
Fig. 2. Number of correspondences per pattern per alignment set.
Source entity rel. Target construction type
cmt:ConferenceMember ≡ ∃ edas:isMemberOf.⊤ CAE
edas:AcceptedPaper ≡
∃cmt:hasDecision.cmt:Acceptance ⊔
∃cmt:acceptedBy.⊤
union(c)
composite
conference:Submitted_
contribution
≡ ∃cmt:submitPaper−.⊤ CIAE
conference:Reviewed_
contribution
≡ edas:RejectedPaper ⊔ edas:AcceptedPaper union(c)
cmt:ProgramCommittee
Member
≡
∃conference:was_a_member_of.
conference:Program_committee
CAT
edas:paperDueOn ≡
conference:has_important_dates ◦ confer-
ence:is_a_date_of_full_paper_submission
chain
ekaw:Early-
Registered_Participant
≡ ∃confOf:earlyRegistration.{true} CAV
cmt:AuthorNotReviewer ≡ confOf:Author ⊓ ¬∃confOf:reviewes.⊤ neg
cmt:hasProgram
CommitteeMember
≡
conference:has_members.
conference:Program_committee.⊤
dom
edas:isReviewedBy ≡ confOf:reviewes− IP
Table 2. Example of correspondences of the query rewriting alignment set and
their type (correspondence pattern)
stances), we chose to evaluate the available approaches that do not need common
instances, as those described in [23,24,13].
We evaluated the matchers on the correspondences they output. Here we
only evaluate the complex correspondences output as simple correspondences are
taken as input by the approaches. For ontology merging, we only consider the
SROIQ compliant correspondences output by the approaches. The correspon-
dences output by the matchers were classified into true positive or false positive
by comparison with each reference alignment set. A true positive is semantically
equivalent to a correspondence in the reference alignment. The number of true
and false positive are presented in Table 3. The knowledge rules needed for [13]
were the one used in the evaluation section of the paper.
Precision, recall and F-measure have been computed for both alignment sets
as shown in Figure 3. For both purposes, Ritze2010 [24] has the best precision
but its recall is the lowest. For the purpose of ontology merging, Ritze2009 [23]
has a slightly better F-measure than the others. For query rewriting, Jiang2016
(KAOM) [13] is better than the other approaches. The precision of KAOM
is better on the query rewriting alignment set than on the ontology merg-
ing set because most of its output correspondences are of the form o1:role ≡
o2:otherRole.o2:Domain.o2:Range. Such correspondences are not expressible in
SROIQ therefore we did not consider them during the evaluation on the ontol-
ogy merging alignment set.
Fig. 3. Precision, Recall and F-measure of the three evaluated approaches
We also note that some correspondences in both alignment sets whose pattern
detecting conditions were described in Ritze2009 [23] and Ritze2010 [24] were
not retrieved by these two approaches because of the too restrictive conditions.
Approach
TP
(SROIQ)
TP+FP
(SROIQ)
Ontology
Merging
TP (All)
TP + FP
(All)
Query
Rewriting
Ritze2009 [23] 7 23 54 7 23 191
Ritze2010 [24] 5 6 54 5 6 191
KAOM [13] 5 53 54 15 101 191
Table 3. True positive (TP) and false positive (FP) complex correspondences
of the three evaluated approaches. SROIQ and All correspondences compared
to the number of complex correspondences in the reference alignment sets
7 Discussion
In this section, we discuss the limitations and ways to improve the alignment
sets, the evaluation and the potential reusability of these sets.
First of all, some difficulties were met with respect to the creation of the com-
plex correspondences. Even though a real effort was made to grasp the seman-
tics of every ontology entity based on its context (axioms, annotations, pseudo-
labelling, neighbour entities and entity usage), one of the main difficulties was
to fully understand the nuances between similar entities definitions which can
lead or not to an equivalence correspondence. For example, the concept reviewer
of a paper can either mean “a person who reviews a paper ” or “a person who is
assigned to a paper ” which is slightly different.
With respect to the ontologies, besides the fact that the ontologies are real-
world ones and relatively expressive, they are relatively small. However, we can
argue that the target specificity of these alignments was not size but expressive-
ness (although they are limited to one entity to a construction). Moreover, as
the ontologies are not populated, this impacts the evaluation of complex match-
ers which is limited to approaches not relying on instances. Furthermore, as
the set of ontologies considered here model a same particular domain, this may
bring a bias in the evaluation of complex matchers. This could be overcome by
considering other ontology sets on different domains.
Regarding the (reference) generated alignments, they have been manually
created based on one domain expert’s interpretation of each ontology given the
specific task scenario. Thus, they are not absolute. We have also made the as-
sumption that the task impacts the alignment’s expressiveness. However, we do
not consider the final application for which the alignment is used (e.g., confer-
ence paper management, conference attendees management, etc.). Taking into
account the specific application purpose for an alignment would may impact not
only the expressiveness of the alignment but also its content.
With respect the evaluation, the metrics used here are the classical preci-
sion, recall and f-measure. Applied to complex correspondences, they present
some limits. First, the relation of the correspondence is not taken into account.
Second, the same correspondence can be expressed in different ways: in this
evaluation, we manually compared two expressions. Third, we could consider
the confidence of correspondences (here we assume that all generated correspon-
dences by matchers are 1.0). Finally, the evaluation is not task-centered in the
sense that the alignments generated by the approaches were not applied to query
rewriting or ontology merging.
Nevertheless, the evaluation of the matchers shows that there is room for im-
provements in complex alignment generation. In our evaluation, we could observe
that a good precision is often achieved in detriment of recall. The approaches
[23,24] globally perform better for the task of ontology merging due to the set
of correspondence patterns guiding their detection. The approach of [13] is the
only one from the three approaches that considers object property restrictions,
needed for query rewriting. In case the ontologies were populated with linked
instances, the Class-by-attribute-value (CAV) correspondences of the alignment
set could be detected by the approaches of [20,21,35], the correspondences with
transformation functions such as string concatenation could be detected by the
approaches of [18], and property chains could be detected by the approach of
[22].
Summing up, as future directions in the field, some aspects have to be bet-
ter addressed. Regarding the use of these alignment sets in complex ontology
matching evaluation, population of the ontologies and consensus version (cur-
rently in work) should be taken into account. Regarding the evaluation process,
automatising the process and finding better metrics seem compulsory. For exam-
ple, semantic precision and recall [7] could be applied on the deductive closure
set of axioms for ontology merging. An other metric could also take into account
the conservativity [27], coherence and decidability of the merged ontology. Gold
standard queries, as for the OA4QA campaign [28] could be a solution for query
rewriting.
8 Conclusion and perspectives
This paper has presented two task-oriented complex ontology alignment sets.
Our work outlines two main points: the first one is that complex alignments are
necessary to tightly align two ontologies. The second one is that two alignments
can differ according to their task purpose. As the evaluation has shown, these
alignment sets are rather challenging.
As discussed in the previous section, the proposed alignment sets can be im-
proved in different directions. Therefore, we plan to address the points mentioned
in the discussion and to extend the alignments with construction to construction
correspondences. The evaluation of complex matchers is a problem that has not
yet been addressed. We hope that this first rudimentary evaluation will pave the
way towards a more complete benchmark for complex alignment evaluation.
References
1. Abacha, A.B., Zweigenbaum, P.: Means: une approche sémantique pour la
recherche de réponses aux questions médicales. TAL 55(1), 71–104 (2014)
2. Achichi, M., Cheatham, M., Dragisic, Z., Euzenat, J., Faria, D., Ferrara, A.,
Flouris, G., Fundulaki, I., Harrow, I., Ivanova, V., others: Results of the Ontol-
ogy Alignment Evaluation Initiative 2017. In: OM 2017 - 12th ISWC workshop on
ontology matching. pp. 61–113. Wien, Austria (Oct 2017)
3. Cheatham, M., Hitzler, P.: Conference v2. 0: An uncertain version of the OAEI
Conference benchmark. In: ISWC. pp. 33–48. Springer (2014)
4. Correndo, G., Shadbolt, N.: Translating expressive ontology mappings into rewrit-
ing rules to implement query rewriting. In: 6th Workshop on Ontology Matching
(2011)
5. David, J., Euzenat, J., Scharffe, F., Trojahn dos Santos, C.: The alignment API
4.0. Semantic web 2(1), 3–10 (2011)
6. Do, H.H., Melnik, S., Rahm, E.: Comparison of schema matching evaluations. In:
Net. ObjectDays: International Conference on Object-Oriented and Internet-Based
Technologies, Concepts, and Applications for a Networked World. pp. 221–237.
Springer (2002)
7. Euzenat, J.: Semantic Precision and Recall for Ontology Alignment Evaluation.
In: IJCAI (2007)
8. Euzenat, J., Shvaiko, P.: Ontology Matching. Springer Berlin Heidelberg (2013)
9. Glimm, B., Horrocks, I., Motik, B., Stoilos, G., Wang, Z.: HermiT: An OWL 2
reasoner. Journal of Automated Reasoning 53(3), 245–269 (2014)
10. Hollink, L., Van Assem, M., Wang, S., Isaac, A., Schreiber, G.: Two Variations on
Ontology Alignment Evaluation: Methodological Issues. In: 5th European Semantic
Web Conference. pp. 388–401 (2008)
11. Horrocks, I., Kutz, O., Sattler, U.: The Even More Irresistible SROIQ. Kr 6, 57–67
(2006)
12. Isaac, A., Matthezing, H., van der Meij, L., Schlobach, S., Wang, S., Zinn, C.:
Putting Ontology Alignment in Context: Usage Scenarios, Deployment and Evalu-
ation in a Library Case. In: 5th European Semantic Web Conference. pp. 402–417
(2008)
13. Jiang, S., Lowd, D., Kafle, S., Dou, D.: Ontology matching with knowledge rules.
In: Transactions on Large-Scale Data-and Knowledge-Centered Systems XXVIII,
pp. 75–95. Springer (2016)
14. Jiménez-Ruiz, E., Grau, B.C., Horrocks, I., Berlanga, R.: Ontology integration
using mappings: Towards getting the right logical consequences. In: European Se-
mantic Web Conference. pp. 173–187. Springer (2009)
15. Maedche, A., Motik, B., Silva, N., Volz, R.: Mafra—a mapping framework for
distributed ontologies. In: International Conference on Knowledge Engineering and
Knowledge Management. pp. 235–250. Springer (2002)
16. Makris, K., Bikakis, N., Gioldasis, N., Christodoulakis, S.: SPARQL-RW: transpar-
ent query access over mapped RDF data sources. In: 15th International Conference
on Extending Database Technology. pp. 610–613. ACM (2012)
17. Meilicke, C., Stuckenschmidt, H.: Incoherence as a basis for measuring the quality
of ontology mappings. In: 3rd International Conference on Ontology Matching-
Volume 431. pp. 1–12 (2008)
18. Nunes, B.P., Mera, A., Casanova, M.A., Breitman, K.K., Leme, L.A.P.: Complex
Matching of RDF Datatype Properties. In: 6th ISWC workshop on ontology match-
ing (2011)
19. Oliveira, D., Pesquita, C.: Improving the interoperability of biomedical ontologies
with compound alignments. Journal of Biomedical Semantics 9(1) (Dec 2018)
20. Parundekar, R., Knoblock, C.A., Ambite, J.L.: Linking and building ontologies of
linked data. In: ISWC. pp. 598–614. Springer (2010)
21. Parundekar, R., Knoblock, C.A., Ambite, J.L.: Discovering concept coverings in
ontologies of linked data sources. In: ISWC. pp. 427–443. Springer (2012)
22. Qin, H., Dou, D., LePendu, P.: Discovering executable semantic mappings between
ontologies. In: On the Move to Meaningful Internet Systems. pp. 832–849. Springer
(2007)
23. Ritze, D., Meilicke, C., Šváb Zamazal, O., Stuckenschmidt, H.: A pattern-based
ontology matching approach for detecting complex correspondences. In: 4th ISWC
workshop on ontology matching. pp. 25–36 (2009)
24. Ritze, D., Völker, J., Meilicke, C., Šváb Zamazal, O.: Linguistic analysis for com-
plex ontology matching. In: 5th workshop on ontology matching. pp. 1–12 (2010)
25. Scharffe, F.: Correspondence Patterns Representation. Ph.D. thesis, Faculty of
Mathematics, Computer Science and University of Innsbruck (2009)
26. Serpeloni, F., Moraes, R., Bonacin, R.: Ontology mapping validation. International
Journal of Web Portals 3(3), 1–11 (2011)
27. Solimando, A., Jimenez-Ruiz, E., Guerrini, G.: Minimizing conservativity viola-
tions in ontology alignments: Algorithms and evaluation. Knowledge and Informa-
tion Systems 51(3), 775–819 (2017)
28. Solimando, A., Jiménez-Ruiz, E., Pinkel, C.: Evaluating ontology alignment sys-
tems in query answering tasks. In: ISWC 2014 International Conference on Posters
& Demonstrations. pp. 301–304 (2014)
29. Stapleton, G., Howse, J., Bonnington, A., Burton, J.: A vision for diagrammatic
ontology engineering. In: International Workshop on Visualizations and User In-
terfaces for Knowledge Engineering and Linked Data Analytics. pp. 1–13 (2014)
30. Thiéblin, E., Amarger, F., Hernandez, N., Roussey, C., Trojahn, C.: Cross-querying
lod datasets using complex alignments: An application to agronomic taxa. In:
Research Conference on Metadata and Semantics Research. pp. 25–37. Springer
(2017)
31. Thieblin, E., Haemmerlé, O., Hernandez, N., Trojahn, C.: Towards a complex align-
ment evaluation dataset (poster). In: 12th ISWC workshop on ontology matching.
pp. 217–218 (2017)
32. Thiéblin, E., Amarger, F., Haemmerlé, O., Hernandez, N., Trojahn, C.: Rewrit-
ing SELECT SPARQL queries from 1:n complex correspondences. In: 11th ISWC
workshop on ontology matching. pp. 49–60 (2016)
33. Thiéblin, E., Haemmerlé, O., Hernandez, N., Trojahn, C.: Un jeu de données
d’évaluation de correspondances complexes entre ontologies. In: 28es Journées fran-
cophones d’Ingénierie des Connaissances IC 2017. pp. 68–79 (2017)
34. Visser, P.R., Jones, D.M., Bench-Capon, T.J., Shave, M.: An analysis of ontology
mismatches; heterogeneity versus interoperability. In: AAAI 1997 Spring Sympo-
sium on Ontological Engineering, Stanford CA., USA. pp. 164–72 (1997)
35. Walshe, B., Brennan, R., O’Sullivan, D.: Bayes-recce: A bayesian model for detect-
ing restriction class correspondences in linked open data knowledge bases. Interna-
tional Journal on Semantic Web and Information Systems (IJSWIS) 12(2), 25–52
(2016)
36. Zamazal, O., Svátek, V.: The Ten-Year OntoFarm and its Fertilization within the
Onto-Sphere. Web Semantics: Science, Services and Agents on the World Wide
Web 43, 46–53 (Mar 2017)
37. Šváb, O., Svátek, V., Berka, P., Rak, D., Tomášek, P.: Ontofarm: Towards an
experimental collection of parallel ontologies. Poster Track of ISWC 2005 (2005)
